The treatment of patients with extensive thoracic aortic disease involving the arch and descending/thoracoabdominal aorta is often performed using an elephant trunk procedure. We retrospectively analysed our results comparing two different techniques: the conventional elephant trunk (cET) and the frozen elephant trunk (FET) operation.
INTRODUCTION
The conventional elephant trunk (cET) procedure, developed by Borst et al. [1] in the 1980s, has become the standard approach for patients with extensive pathology of the thoracic aorta involving the arch and the descending/thoracoabdominal aorta. This procedure, however, remains a surgical challenge associated with a significant operative and interval mortality, and a high incidence of neurological complications [2, 3] . In the current endovascular era, new technical solutions have been developed to treat these patients. Since the mid-1990s, endovascular or hybrid operations such as debranching procedures [4] or the frozen elephant trunk (FET) technique [5] have been introduced into clinical practice.
We began to use the FET technique in select patients with extensive thoracic pathology involving the arch and descending aorta in 2006. We compare here the results of the cET approach with the newer FET technique for such patients. The objectives of this study were to: (i) evaluate the clinical characteristics and results of the surgical treatment of patients with extensive aortic pathology after aortic arch replacement; (ii) compare the clinical outcome of patients after cET and FET surgery; (iii) determine predictors of neurological outcome, particularly spinal chord injury, and early and mid-term mortalities after elephant trunk surgery.
PATIENTS AND METHODS
Between January 2003 and December 2011, 171 consecutive patients underwent aortic arch/descending aorta replacement with a cET or FET procedure. All patients undergoing total arch replacement with insertion of a graft or stent-graft in the descending aorta during this time period were included in our analysis. Data were prospectively collected in a database and the retrospective review was approved by the local Ethics Committee. Individual patient consent was waived.
Patients were followed annually with a mailed questionnaire or, when needed, by contacting the referring cardiologist or general practitioner. The follow-up was complete in 93% of patients.
Operative technique
Our operative technique for aortic arch replacement, including the methods of cerebral protection, has been previously described in detail [3] .
All patients with aortic arch disease and extension into the descending/thoracoabdominal aorta prior to 2006 underwent a cET procedure. cET was performed with a Hemashield graft (Maquet) in accordance with the classic method published by Borst et al. [1] in 1983. Since 2006, the cET procedure was used predominantly in patients with extensive distal aortic disease extending into the abdominal aorta. A completion replacement of the distal descending/thoracoabdominal aorta as a second procedure was planned, or felt to be likely in the foreseeable future, in all cET patients.
Since 2006, we have used the FET technique for patients with aortic disease confined to the arch and descending or proximal abdominal aorta. FET was performed with an E-vita hybrid open stent-graft ( Jotec, Hechingen, Germany). The sizing of the stentgraft was done according to the dimension of the native nondiseased aorta or true aortic lumen in patients with acute or chronic aortic dissection, with 5-10% oversizing in order to minimize the chance of a Type Ib endoleak. The technical details of FET surgery have been previously described by Pacini et al. [6] .
The goal of FET implantation was to either exclude the entire diseased aortic segment with the stent-graft in those patients with disease in the proximal descending aorta, or to use the FET procedure as a bridge to future thoracic endovascular aortic repair (TEVAR) in those patients with disease extending to the distal descending or proximal (i.e. supraceliac) abdominal aorta. FET was not used as a bridge to endovascular aortic repair (EVAR) in patients with extensive thoracoabdominal disease, as we do not routinely perform EVAR in patients with disease of the supra-renal abdominal aorta.
Definitions
In accordance with STS guidelines, early mortality was defined as all-cause mortality at 30 days. Operations were considered emergent if performed within 24 h of hospital admission for cardiovascular instability and as urgent if performed during the same hospital admission.
All patients with suspected neurological complications on physical examination underwent computerized tomography or magnetic resonance imaging. Neurological complications were defined as permanent neurological deficit (PND) for patients with stroke or paraplegia and temporary neurological deficit (TND) for patients with reversible deficits. Stroke was defined as a new postoperative focal neurological deficit that persisted >72 h, or a new focal lesion of the brain detected by computer tomographic scanning. TND was defined as a focal neurological deficit lasting <72 h, or postoperative delirium, agitation, confusion or decreased level of consciousness without any new structural abnormality observed on imaging [7] . Spinal cord injury was defined as new-onset transient or permanent paraparesis or paraplegia.
Statistical analysis
Continuous variables are expressed as mean ± SD and categorical data as proportions throughout the manuscript. Categorical variables were compared using the χ 2 -test or Fisher's exact test. Independent continuous variables were compared by unpaired Student's t-test for comparison of normally distributed data between two groups or Kruskal-Wallis for the comparison of more than two groups test as appropriate.
We examined 24 potential preoperative risk factors for early and late mortality by uni-and multivariate testing (Table 1) . Dichotomous adverse outcome events were analysed using a uniand multivariate logistic regression model with backwards stepwise elimination and were expressed as odds ratios (OR) with 95% confidence intervals (CI). Event-free survival was calculated by Kaplan-Meier methods with 95% CI. Independent predictors of medium-term survival were determined with Cox proportional hazards analysis. P-values <0.05 were considered statistically significant. All statistical analyses were performed using SPSS 17.0 (Chicago, IL, USA).
RESULTS
A total of 171 consecutive patients underwent total replacement of the aortic arch using the cET or FET technique during the study period. The majority had suffered from aortic dissection: acute Type A in 43.9% of patients, acute Type B in 7.6%, chronic Type A With regard to the size of the descending aorta, 68.2% of FET patients had a descending aorta diameter of >35 mm (mean diameter 47 ± 10 mm) and 31.8% <35 mm (mean diameter 30 ± 3 mm). In the cET patients, 39.6% had a descending aorta diameter of >35 mm (mean diameter 47 ± 10 mm) and 60.4% <35 mm (mean diameter 30 ± 2 mm).
A cET procedure was performed significantly more often in patients with acute Type A aortic dissection (53.6 vs 17.4%, P < 0.001). Patients with acute Type B aortic dissection were more likely to undergo a FET procedure (15.2 vs 4.8%, P = 0.02). FET patients were also significantly older than cET patients (P < 0.001) ( Table 2) .
Preoperative neurological deficit was present in 12.0% of patients presenting with acute Type A aortic dissection, while a further 26.7% of these patients were admitted in a critical preoperative state (i.e. resuscitated and/or intubated), making the determination of their preoperative neurological status difficult.
Operative details and postoperative complications
Aortic root replacement or aortic valve replacement/reconstruction was more frequently performed in patients undergoing cET implantation (Table 3) . Mean rectal temperature during circulatory arrest was significantly higher in patients undergoing FET surgery (P = 0.002, Table 3 ). The incidence of most early postoperative outcomes was similar between the 2 patient groups (Table 3) .
Risk factors for mortality
The 30-day mortality for the entire cohort of patients was 16.4% (n = 28), with a trend towards a higher mortality in the cET group (19.2% cET vs 8.7% FET, P = 0.1). In-hospital mortality was 18.1% for all patients and was significantly higher in cET patients by univariate analysis (21.6 vs 8.7%, P = 0.001) ( Table 4) .
Patients with urgent and emergent indications for surgery had significantly higher 30-day mortality rates compared with those undergoing elective surgery (7.8 vs 23.4%, P = 0.006). For elective patients only, the 30-day mortality was 9.1 vs 6.1% for cET vs FET surgery (P = 0.2). For urgent or emergent patients, 30-day mortality occurred in 24.7 vs 15.4% of cET and FET patients, respectively (P = 0.5).
Patients with acute Type A aortic dissection had a significantly higher early mortality compared with those without acute Type A dissection (28 vs 7.3%, P < 0.01).
Multivariable logistic regression analysis revealed that acute Type A aortic dissection was the only independent predictor for 30-day mortality (OR 4.9, 95% CI 1.9-12, P < 0.01). Likewise, acute Type A dissection was the only multivariate risk factor for in-hospital mortality (OR 4.0, 95% CI 1.7-9.3, P = 0.001).
Permanent and temporary neurological deficit
PND occurred in 15.2% (n = 26) of patients ( Table 4 ). The incidence of PND between cET and FET patients was not statistically significant (16 vs 13%, P = 0.6). When analysed according to surgical timing, the PND rate for the two groups remained nonsignificantly different (19.8 vs 15.4% for cET vs FET, P = 0.1 in urgent/emergent cases and 6.8 vs 12.1% for cET vs FET, P = 0.4 in elective cases). The risk of PND was significantly higher in patients presenting with acute Type A aortic dissection (22.7 vs 9.4%; P = 0.01). The overall incidence of TND was 15.8% (n = 27), and was not different between patients undergoing cET and FET surgery (P = 0.1).
Acute Type A aortic dissection was identified as an independent predictor of PND by multivariate analysis (OR 2.6 95% CI 1.07-6.6, P = 0.03). The use of axillary arterial cannulation was protective against the development of PND (OR 0.39, 95% CI 0.16-0.9, P = 0.04). 
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Paraplegia
The overall rate of paraplegia was 8.8% (n = 15) and was significantly higher for FET (n = 10) compared with cET patients (n = 5) (21.7 vs 4%, P < 0.01). When surgical timing was accounted for, the incidence of paraplegia continued to be significantly higher for FET compared with cET: 23.1 vs 4.9%, P = 0.02 for urgent/emergent cases and 7.4 vs 10.4%, P = 0.5 for elective cases. Multivariate analysis identified the use of FET as an independent risk factor for permanent paraplegia (OR 6.6, 95% CI 2.2-20.7, P < 0.01).
Among FET patients, multivariate analysis identified a body core temperature during circulatory arrest of 28°C or higher in combination with a duration of circulatory arrest >40 min as an independent predictor of permanent spinal cord injury (OR 5.0, 95% CI 1.1-20, P = 0.038).
The presence of acute or chronic aortic dissection, oversizing of the prosthesis, size of the descending aorta or level of landing zone were not identified as factors influencing paraplegia after FET.
Predictors of medium-term survival
The estimated mean follow-up time for all patients was 5.4 ± 0.3 years (range, 0-7.7 years), with a total follow-up of 333.2 patientyears. The unadjusted 1-, 3-and 5-year survival for the entire group were 73.3 ± 3.5, 69.2 ± 3.3 and 66.7 ± 4.4%, respectively. One-, 3-and 5-year survival for cET and FET patients was 70 ± 4, 70 ± 4 and 68 ± 4% and 74 ± 7, 60 ± and 40 ± 1%, respectively (P = 0.9).
The type of elephant trunk performed did not have a significant influence on mid-term survival (5.5 ± 0.3 (cET) vs 3.8 ± 0.5 years (FET); log-rank P = 0.9) (Fig. 1) . Unadjusted survival of patients with acute Type A aortic dissection was worse than patients without acute Type A dissection (log-rank P = 0.02, Fig. 2) .
Cox proportional hazards analysis revealed the following independent predictors of mid-term survival: age (hazard ratio (HR) 1.04, 95% CI 1.02-1.07, P = 0.002), preoperative renal insufficiency (HR 8.4, 95% CI 1.8-38.3, P = 0.005) and acute Type A aortic dissection (HR 2.6, 95% CI 1.4-4.7, P = 0.001).
During the follow-up, 17 cET patients underwent reoperative thoracoabdominal aortic surgery for remaining downstream disease (11 planned, 6 after disease progression/new onset of symptoms) after an interval of 1.7 ± 2.4 years (range 17 days to 8.5 years). One patient was operated on emergently for rupture of the descending aorta. One patient with previous FET implantation underwent open reoperative repair for stent-graft infection. TEVAR was performed during the follow-up in 9 patients. Five such patients had previously undergone FET surgery and 4 cET surgery.
DISCUSSION
The current study summarizes our 9-year institutional experience with a group of high-risk patients with extensive aortic disease undergoing aortic arch repair with an elephant trunk technique. In the majority of patients, the conventional, 'classic' elephant trunk implantation was performed as described by Borst et al. in 1983 [1] . The 'frozen' elephant trunk technique, including a hybrid stent-graft prosthesis, was introduced into clinical practice at our institution in 2006. All patients treated with an FET implantation received an E-vita hybrid prosthesis in the current study.
In-hospital mortality reported for patients undergoing cET surgery varies depending on aortic pathology, ranging between 10.6 and 20% [8, 9] . The international E-vita open registry reported in 2011, the results from 274 FET patients, with an in-hospital mortality rate of 15% [10] .
The 30-day mortality observed in our study-19.2% for cET and 8.7% for FET-is comparable with other case series reported in the literature. Our observed trend (P = 0.1) towards a lower rate of mortality for FET patients must be interpreted with caution, given the fact that significantly less FET patients presented with acute Type A aortic dissection and that acute Type A dissection was the only significant predictor of mortality by multivariable analysis. This observation is in line with our previously published results of aortic arch surgery ( partial and total aortic arch replacement), whereby we identified acute Type A aortic dissection as an independent predictor for 30-day mortality [3] . 
Neurological complications: PND
Neurological complications have a significant impact on patient outcomes after cardiac-and in particular aortic-surgery. PND and stroke are particularly devastating complications associated with prolonged ventilation times and intensive care unit/hospital stays, increased resource utilization, and reduced patient quality of life and long-term survival [3, 11, 12] .
The incidence of PND in patients undergoing aortic arch surgery has generally been reported to range between 1.1 and 9.8% [2, 12, 13] . In our series, the rate of PND was higher (16% after cET vs 13% with FET). However, it is important to note that a large proportion (44%) of our patients underwent emergent surgery for acute Type A aortic dissection-representing a high-risk population often presenting with unclear neurological status prior to emergency surgery [14] .
Numerous studies have identified independent predictors of stroke after aortic arch repair: urgent status [2, 11, 15] , acute Type A aortic dissection [16] , age, history of previous 'central neurological event' [16] , renal insufficiency [2] , operation time [2] , prolonged circulatory arrest [2] and prolonged selective cerebral perfusion. PND was observed in 15% of our patients with increasing age, duration of circulatory arrest time and extent of aortic arch repair identified as independent predictors. The postoperative PND rate was nearly twice as high among patients who had presented with acute Type A aortic dissection.
The optimal arterial cannulation site during aortic arch surgery is still a subject of debate and might have a significant impact on PND and stroke rates [12] . The distal ascending aorta, the brachiocephalic trunk and the inner curvature of the transverse arch are three possible options for direct aortic cannulation. Femoral and axillary cannulations are further options for vascular access during aortic arch surgery. Femoral arterial cannulation has been reported to have a higher in-hospital mortality [2] and worse neurological outcome. One possible reason for worse outcomes is retrograde cerebral embolization, although selection bias is hard to exclude in these retrospective studies. Several publications have demonstrated that axillary cannulation is associated with improved neurological outcome in patients undergoing circulatory arrest [12] . At our institution, axillary cannulation has become the standard access for aortic arch surgery for the last 10 years. Multivariate analysis revealed axillary cannulation to independently be protective against stroke in our patient population. In our opinion, axillary cannulation allows for safe and secure antegrade cerebral perfusion during circulatory arrest, and allows optimal de-airing of the aortic arch during reinstitution of full cardiopulmonary bypass flow.
Neurological complications: spinal chord injury
Ischaemic spinal cord injury is one of the most dreaded complications after thoracoabdominal aortic surgery, but particularly shattering after primary aortic arch repair. Paraplegia is a historically rare complication after cET surgery. The reported incidence of permanent or transient spinal cord injury after cET implantation ranges between 0.4 and 2.8% [8, 9, 17] .
The reported incidence of spinal cord injury in patients undergoing FET appears to be significantly higher. Data from the international E-vita registry on 274 FET patients revealed an 8% rate of spinal cord injury [10] , and a recent multicentre study reported a 9% incidence of this dreaded complication [6] . In a meta-analysis of FET studies, Ius et al. [18] estimated the incidence of spinal chord injury to be 5.6%. Single-centre studies have reported incidences as high as 21-24% after FET implantation [19] [20] [21] . Miyairi et al. [19] attributed their observed episodes of post-FET paraplegia to spinal cord ischaemic times of >60 min in 3 of 4 cases, which was additionally aggravated by haemodynamic instability after cardiopulmonary bypass in one patient. Mizuno et al. [20] reported 2 cases of paraplegia in their series of nine FET patients without any identifiable risk factor, but their average lower-body arrest time was quite long (54 ± 10 min). In both cases of paraplegia, the distal arrest time was >40 min.
One of the factors thought to have an impact on spinal cord injury is the level of the distal landing zone for the stent graft, as a marker of the number of segmental arteries occluded with graft deployment. Flores et al. [21] demonstrated that a distal landing zone beyond T7 is associated with a significantly higher incidence of spinal cord injury. They reported a 24% incidence (6 of 25 patients) of ischaemic spinal cord injury in their series, with distal deployment of the stented-graft being a significant risk factor by multivariate analysis. Similarly, Mizuno et al. [20] in their early series, reported that the distal landing zone was at the T8 level in both patients suffering postoperative paraplegia in their small series.
Interestingly, the combination of a distal landing zone of T7 or lower and a history of previous abdominal aortic aneurysm repair was the strongest predictor for spinal cord injury (71 vs 6%, P = .0047) in the study from Flores et al. [21] This observation suggest an important role of distal inflow to the paraspinous arterial Collateral Network via the hypogastric arteries. Recent experimental studies on spinal cord blood flow, however, suggest that spinal perfusion is not acutely compromised by serial segmental artery sacrifice in a cranio-caudal direction down to a level of T11/ 12. Such findings are supported by the reasonably low paraplegia or paraplegia rates of 3.8% in clinical series of descending thoracic and Crawford type I thoracoabdominal aortic aneurysm repairs [22] . The Collateral Network Concept [17] has been used to explain this phenomenon. FET procedures, however, have the potential to impact on both inflow pathways simultaneously: segmental artery perfusion and upper inflow to the Collateral Network via the vertebral artery. This might be the reason for the increased occurrence of paraplegia and the significantly higher incidence as compared with cET procedures.
In the present study, we failed to find a significant correlation between the level of the distal landing zone/segmental arteries covered by the stent graft and the rate of spinal cord ischaemic injury. In 6 of 10 patients suffering spinal cord injury, the stentgraft landing zone was at level T8 or above. Similarly, Pacini and Miyairy [6, 19] failed to find a significant correlation between the distal FET landing zone level and the incidence of acute ischaemic spinal cord injury. Interestingly, Pacini et al. [6] identified the diameter of the false lumen in patients with chronic aortic dissection as an independent predictor for spinal cord injury. In the current study, we failed to find an association between chronic aortic dissection and neurological outcome.
The incidence of post-FET spinal cord injury in the present study was 21.4%, being on the higher end of those reported in the literature. Multivariate logistic analysis identified only one factor as an independent predictor for paraplegia within the FET subgroup: body core temperatures of >28°C during circulatory arrest times of >40 min. Half of the patients (5 of 10) who suffered ischaemic spinal cord injury had circulatory arrest times of >40 min at 28°C or warmer. The influence of temperature on spinal cord ischaemic tolerance has been thoroughly investigated by Griepp's group [17, 23, 24] . Temperature during circulatory arrest, regardless of distal arrest duration, did not significantly influence functional spinal cord integrity in our cohort. Similar to our observations, Pacini et al. [6] failed to find a significant correlation between spinal cord injury and time of antegrade cerebral perfusion, despite distal arrest times of 75 ± 22 min. However, postoperative haemodynamics might play an important role if a large number of segmental arteries are occluded [25] .
In our opinion, the occurrence of spinal cord injury is multifactorial and mostly influenced by a combination of acute ischaemic injury during distal circulatory arrest at mild to moderate hypothermia, and postoperative haemodynamics fluctuations after extensive segmental artery occlusion. Protective adjuncts, such as spinal fluid drainage and the preservation of the left subclavian artery may attenuate the deleterious effects of these insults. However, none of these factors alone revealed a statistically significant influence on spinal cord injury in our study. Based on the results of our multivariable analysis, the only recommendation that we can currently make is that the FET procedure should not be performed under mild hypothermia, particularly if a prolonged circulatory arrest time is expected. Further studies in this area should be performed in order determine if our observed increased risk of paraplegia for the FET procedure is a true phenomenon, and if neuroprotective adjuncts may somehow mitigate this risk.
Study limitations
The current study is limited by several weaknesses. First, its retrospective and non-randomized nature makes it susceptible to selection bias. Secondly, the patient cohort is somewhat inhomogenous, with several different aortic pathologies. However, it reflects the clinical reality of this new hybrid surgical approach in patients undergoing aortic arch surgery with elephant trunk implantation.
In conclusion, the surgical treatment of patients with extensive aortic arch pathology continues to be a surgical challenge associated with significant mortality and neurological complications. The FET procedure can be performed with a relatively low mortality rate, but is associated with an increased incidence of permanent paraplegia due to ischaemic spinal cord injury. Prolonged distal arrest times of >40 min, particularly in combination with a core body temperature of >28°C, is an independent predictor of paraplegia in FET patients. More pronounced hypothermia should be used during FET surgery, particularly in patients with expected prolonged circulatory arrest times.
APPENDIX. CONFERENCE DISCUSSION
Dr R. Di Bartolomeo (Bologna, Italy): This study compared the short-and midterm outcomes of patients undergoing a conventional or a frozen elephant trunk technique for extensive aortic disease of the thoracic or thoraco-abdominal aorta. Overall, an acute dissection was the indication for surgery in about half of the patients.
As reported, 30-day mortality was 16.4%, and permanent neurological dysfunction and paraplegia occurred in 15.2% and 8.8% of patients respectively. Focusing on the frozen elephant trunk patients, Dr Leontyev reported a 30-day mortality of 8.7%, with disappointing rates of permanent neurological deficit and paraplegia of 13% and 21.7% respectively. It should be recalled that such results, and in particular the adverse neurological outcomes, strongly deviate from those reported from the International E-vita Registry which revealed 7% spinal cord injury, with 6% PND. I share your conclusions that neurological outcome can be significantly improved by keeping core temperature between 24-26 degrees centigrade and the duration of circulatory arrest below 35 min.
Second, the elephant trunk and frozen elephant trunk patients were remarkably different and therefore hardly comparable. Elephant trunk patients had more acute aortic dissection and more thoraco-abdominal aortic aneurysms. Furthermore, more profound levels of hypothermia were used in elephant trunk patients as compared to FET patients. Thus, comparative short-and mid-term results and the surgical implications should be considered with great caution.
Dr Leontyev: I think the comparison between the two groups, the conventional and the frozen elephant trunk technique, is indeed very important and showed that frozen elephant trunk implantation may be associated with a significantly increased rate of neurological complications. And in my opinion, it is actually the only way to show all the options for treating patients with extensive thoracic aortic disease. This is the reason I do not completely agree with you that it isn't possible or appropriate to compare the two patient groups.
Dr M. Borger (Leipzig, Germany): I'd just like to say, I don't think we should shoot the messenger here. We have a large aortic programme in our centre and these operations were all done by experienced aortic surgeons.
What I think is important is for other people to learn from our results. We have a reputation as a centre that presents its results honestly, whether they're good or bad. And in this case we found a problem. For example, if I see a patient now that has thoracic aortic disease down to T10, which I know can be completely treated with a frozen elephant trunk operation in one procedure, where you can insert it all the way in and completely seal the aneurysm, I would be a little bit hesitant about doing that now. I think if you still want to do a frozen elephant trunk operation, then use the shorter version of the graft and then later perform a second staged TEVAR procedure from below; with such a two-staged approach probably you will have a lower risk of paraplegia.
But I want to echo Malakh Shrestha's comment in that we're presenting our results here honestly and that there is also a precedent in the literature for a slightly higher paraplegia rate with the frozen elephant trunk (despite what Roberto said) compared to the conventional elephant trunk operation. That data is already out there in the literature. Dr C. Hagl (Munich, Germany): What about CSF drainage, do you use that? Do you think that would help, especially in the early phase of the operation? Dr Leontyev: Yes, it is indeed very important to protect the spinal cord to prevent neurological complications. In the last two years, all patients who underwent the frozen elephant trunk technique had a CSF drain. Only for the first 20 patients was data on CSF drainage not available, as previously it was not a standard protocol in our clinic. But we believe it is important to prevent neurological complications.
Dr Hagl: I have a second comment. I think the blood pressure is something which is very important in the phase after the operation. And it is our feeling that the patients who have problems with bleeding, for example, and low pressure over a long time, have more problems with the spinal cord compared to other patients.
Dr Leontyev: I believe that paraplegia is basically a multifactorial problem, and that blood pressure is a very important factor. We believe another important factor is hypothermia and CSF drainage. I think we have to examine our clinical data further, and then the next step will be to experimentally look at the perfusion of the spinal cord during and after elephant trunk implantation with different protocols of antegrade cerebral perfusion.
Dr T. Sioris (Tampere, Finland): With the paraplegia issue, what was your policy regarding the left subclavian artery, meaning perfusion and reimplantation, noticing that you really had many, many cases of acute type A dissection that you helped with this procedure?
Dr Leontyev: That is a very important point. Our hospital policy is to try to reimplant the left subclavian artery in all patients. In the 10 patients with paraplegia, we did reimplant the left subclavian artery. However, perfusing the left subclavian artery is not our standard protocol; we did this only in one patient. Despite perfusion of the left subclavian artery, this patient developed late paraplegia. However, the patient had undergone previous surgery for an abdominal aortic pathology and, as we know from many publications, this has been proposed as an independent predictor for the development of paraplegia after thoracic aortic surgery, possibly because of a compromise of the distal collateral inflow from the hypogastric artery.
Dr K. Tsagakis (Essen, Germany): Reporting the details of the patients with paraplegia will help in our understanding of the pathogenesis of spinal cord injury after frozen elephant trunk. However, I have a question. In all these patients, did the paraplegia occur after the frozen elephant trunk procedure, or after additional interventions on the descending aorta, like stent graft extension or reoperation on the descending aorta?
Dr Leontyev: The 21.7% paraplegia rate occurred in the frozen elephant trunk group after surgery. Dr M. Karck (Heidelberg, Germany): I'm still not 100% satisfied with this 20% paraplegia rate. Don't you think that 28 degrees (you identified the risk factor yourself ) is maybe a little bit too warm for these patients?
Dr Leontyev: Yes, it's too warm, I agree with you. And we changed our strategy and basically we now cool down our patients to 24 or 22 degrees, depending on the extent of the aortic pathology.
